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DESCRIPTION 

WIND POWER GENERATOR 

Technical Field 

The present invention relates to a wind power 
generator provided with an approximately cylindrical duct 
with the side cross-section thereof having a wing-like 
shape, a streamlined pencil body coaxially installed with 
the duct, an impeller constituting a part of the pencil 
body and capable of rotating about a duct axis in an inner 
portion of the duct by a force of wind flowing in the 
inner portion of the duct, and a power generator 
converting a rotational energy of the impeller into an 
electric energy. 

Background Art 

Conventionally, in order to improve a power 
generating efficiency by a wind power generator provided 
with a duct and an impeller installed within the duct, 
there have been proposed some methods (refer to Japanese 
Unexamined Patent Publication No. 2003-28043 and EP 
0045202 Al) . 

However, the inventor of the present application has 
known that there is room for improvement in the power 
generating efficiency, on the basis of a study of an air 
current near the wind power generator. 
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Accordingly, a solving problem of the present 
invention is to provide a wind power generator which can 
further improve a power generating efficiency. 

Disclosure of the Invention 

The present invention relates to a wind power 
generator provided with an approximately cylindrical duct 
with the side cross- section thereof having a wing-like 
shape, a streamlined pencil body coaxially installed with 
the duct, an impeller constituting a part of the pencil 
body and capable of rotating about a duct axis in an inner 
portion of the duct by a force of wind flowing in the 
inner portion of the duct, and a power generator 
converting a rotational energy of the impeller into an 
electric energy. 

In order to solve the problem mentioned above, in 
accordance with the present invention, there is provided a 
wind power generator, wherein a maximum wing thickness 
position is positioned nearer a leading edge than a center 
of a chord in the side cross-sectional wing-like shape of 
the duct, an opening diameter of a front end of the duct 
is made smaller than an opening diameter of a rear end, an 
outer diameter of the duct is made approximately uniform 
at least at a rear portion of the duct, the pencil body is 
installed such that a front end portion is positioned 
rearward from a front end portion of the duct and a rear 
end portion is positioned forward from a rear end portion 
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of the duct, and a ratio of a maximum outer diameter of 
the duct with respect to a minimum inner diameter of the 
duct is within a range between 2.0 and 4.3. 

In accordance with the present invention, owing to 
the wing-like shape of the side cross-section of the duct, 
in the case that the wind flows to the rear side from the 
front side of the duct, it is possible to generate 
"pressure reduction region" while inhibiting a vortex from 
being generated from the rear portion of the duct toward a 
rear side. Further, it is possible to increase a wind 
speed in the inner portion of the duct on the basis of a 
wind drawing in the pressure reduction region while 
solving a drawback that the wind flow from the front side 
of the duct to the inner portion of the duct is prevented 
by the vortex in the rear side of the duct. 

Further, since the leading end portion of the 
pressure reduction region is attracted to the rear end 
portion of the pencil body, it is possible to inhibit a 
stagger at the front end portion of the pressure reduction 
region. Further, it is possible to inhibit a drawback 
that the pressure reduction region disappears on the basis 
of the stagger at the front end portion of the pressure 
reduction region, during a period where the wind blows 
from the front side of the duct toward the rear side. 
Further, it is possible to steadily maintain the pressure 
reduction region at the rear side of the duct, and it is 
possible to secure an increase of the wind speed in the 
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inner portion of the duct. 

Therefore, in accordance with the wind power 
generator of the present invention, it is possible to 
further improve the power generating efficiency by 
increasing the wind speed in the inner portion of the duct 
on the basis of the generation of the pressure reduction 
region in the rear side of the duct, and by steadily 
maintaining the pressure reduction region on the basis of 
the inhibition of the stagger in the front end portion of 
the pressure reduction region. 

Further, in accordance with the present invention, 
there is provided a wind power generator, wherein the wind 
power generator is provided with an approximately annular 
flap plate protruding in an outer diameter direction of 
the duct from the rear end portion of the duct, and a 
ratio of a width of the flap plate with respect to the 
rear end radius of the duct is within a range between 
0.020 and 0.15. 

In accordance with the present invention, it is 
possible to inhibit a collision in the rear side of the 
duct between the wind in the inner side of the duct 
(hereinafter referred to as "inside wind"), and the wind 
in the outer side of the duct (hereinafter referred to as 
"outside wind"), by the flap plate. Accordingly, it is 
possible to inhibit a drawback that the flow of the inside 
wind is disturbed by an irregular flow of the outside wind, 
and the pressure reduction region generated from the rear 
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portion of the duct towards the rear side disappears, 
whereby the power generating efficiency is lowered. 

Further, in accordance with the present invention, 
there is provided a wind power generator, wherein the wind 
power generator is provided with a wind direction 
measuring means for measuring a wind direction, and a duct 
slope control means for controlling such that an angle of 
slope of a duct axis with respect to the wind direction 
measured by the wind direction measuring means becomes 
equal to or less than 10 degree. 

In accordance with the present invention, the wind 
direction is measured by the wind direction measuring 
means. Further, the control is executed by the duct slope 
control means such that the angle of slope of the duct 
axis with respect to the measured wind direction becomes 
equal to or less than 10 degree. 

The inventor of the present application has found 
that the power generating efficiency is significantly 
lowered if the angle of slope of the duct axis with 
respect to the wind direction exceeds 10 degree. 
Therefore, in accordance with the present invention, it is 
possible to improve the power generating efficiency on the 
basis of the control of the angle of slope of the duct 
axis with respect to the wind direction. 

Further, in accordance with the present invention, 
there is provided a wind power generator, wherein a vane 
of the impeller is formed by cutting an approximate oval 
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approximately in parallel to a short axis into a shape 
which is shortened from an end in a long axial direction, 
and a ratio of a length in the long axial direction of the 
vane with respect to a long diameter of the approximate 
oval is within a range between 0.82 and 0.87. 

The inventor of the present application has found 
that the power generating efficiency is increased by 
forming the vane of the impeller in the shape mentioned 
above. Therefore, in accordance with the present 
invention, it is possible to improve the power generating 
efficiency by devising the shape of the vane of the 
impeller . 

Brief Description of the Drawings 

Figs. 1 and 2 are explanatory views of a structure 
of a wind power generator in accordance with an embodiment 
of the present invention, and Figs. 3 to 5 are explanatory 
views of an operation and an effect of the wind power 
generator in accordance with the embodiment of the present 
invention . 

Best Mode for Carrying Out the Invention 

A description will be given of an embodiment of a 
wind power generator in accordance with the present 
invention with reference to the accompanying drawings. 

First, a description will be given of a structure of 
the wind power generator in accordance with the embodiment 
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of the present invention with reference to Figs. 1 and 2. 

The wind power generator shown in Fig. 1 is provided 
with an approximately cylindrical duct 10, a streamlined 
pencil body 20 coaxially installed with the duct 10, an 
impeller 30 structuring a front end portion of the pencil 
body 20 and capable of rotating around an axis of the duct 
10 in an inner portion of the duct 10 on the basis of a 
force of a wind flowing in the inner portion of the duct 
10, and a power generator 40 converting a rotational 
energy of the impeller 30 into an electric energy. 

A cross sectional shape of a side wall of the duct 
10 is formed in a wing- like shape. In the wing-like shape 
in the side cross-section of the duct 10, on the basis of 
an entire length x of a chord 106 extending to a rear edge 
104 from a leading edge 102, a maximum wing thickness 
position 108 is positioned at 0.40x from a leading edge 
(nearer to the leading edge than a center of chord) . 
Further, an opening diameter of a front end of the duct 10 
is made smaller than an opening diameter of a rear end. 
Further, an outer diameter of the duct 10 is made 
approximately uniform at least in a rear portion of the 
duct 10. Further, a ratio of a maximum outer diameter R2 
with respect to a minimum inner diameter Rl of the duct 10 
(= R2/R1) is set to 2.5. 

In this case, the cross sectional shape of the side 
wall of the duct 10 can employ the known wing-like shape 
such as NACA653-618 (9-0.5), NACA633-618, FA66-S-196V1 and 



- 8 - 



the like. 

An approximately annular flap plate 12 protruding in 
an outer diameter direction of the duct 10 is provided at 
a rear end portion of the duct 10. A ratio of a width of 
the flap plate 12 with respect to a rear end radius of the 
duct 10 is set to "0.10". 

The pencil body 20 is installed such that a front 
end portion is positioned rearward from the front end 
portion of the duct 10, and a rear end portion is 
positioned forward from the rear end portion of the duct 
10. Further, the pencil body 20 is fixed to the duct 10 
via a post body 22 extending in an outer diameter 
direction of the pencil body 20. 

The impeller 30 is provided with a plurality of 
vanes 32 protruding in an outer diameter direction. The 
vanes 32 are positioned within a range of a forward and 
backward displacement ratio 0.7 with respect to an entire 
length of the duct 10 on the basis of a position of a 
minimum inner diameter of the duct 10. Further, the vane 
32 is formed by cutting an approximate oval approximately 
in parallel to a short axis into a shortened shape from an 
end in a long axial direction, as shown in Fig. 2. 
Further, a ratio of a length in a long axial direction of 
the vane 32 with respect to a long diameter of the 
approximate oval is set to "0.85". 

Further, an interval between a front end portion of 
the vane 32 and an inner wall of the duct 10 in a 
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diametrical direction of the duct 10 is set to an interval 
c shown by the following expression (1). 

c = v • At/Re (1) 
in which reference symbol v denotes a wind speed in an 
axial direction of the duct 10, reference symbol At 
denotes a time for which the wind flows through a near 
region of the vane 32, and reference numeral Re denotes a 
Reynolds number determined on the assumption that the 
characteristic length is the near region of the vane 32. 

For example, on the assumption that the time At = 
0.2 [s] in the case that the wind speed v = 14 [m/s], and 
Re = 200 are established, the interval c is set to 1.4 
[cm] . 

A generated energy by the power generator 40 is 
supplied to the exterior via a lead 42 passing through the 
post body 22 and the duct 10. 

A description will be given of an operation and an 
effect of the wind power generator having the structure 
mentioned above in accordance with the embodiment of the 
present invention with reference to Figs. 3 to 5. 

In accordance with the wind power generator having 
the structure mentioned above, in the case that the wind 
flows toward the rear side from the front side of the duct 
10 , owing to the basis of the wing-like shape in the side 
cross -section of the duct 10, it is possible to generate a 
pressure reduction region 50 as shown by a hatched line in 
Fig. 1 while inhibiting a vortex from being generated from 
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the rear portion of the duct 10 towards the rear side. 
Further, it is possible to increase a wind speed in the 
inner portion of the duct 10 owing to the pressure 
reduction region 50 drawing in the wind while solving a 
drawback that the wind flow from the front side of the 
duct 10 to the inner portion of the duct 10 is prevented 
by the vortex in the rear side of the duct 10. 

Further, since the leading end portion of the 
pressure reduction region 50 is attracted to the rear end 
portion of the pencil body 20 as shown in Fig. 1, it is 
possible to inhibit a stagger of the front end portion of 
the pressure reduction region 50. Further, it is possible 
to inhibit a drawback that the pressure reduction region 
50 disappears on the basis of the stagger of the front end 
portion of the pressure reduction region, during a period 
that the wind blows from the front side of the duct 10 
toward the rear side. Further, it is possible to steadily 
maintain the pressure reduction region 50 at the rear side 
of the duct 10, and it is possible to secure an increase 
of the wind speed in the inner portion of the duct 10. 

Fig. 3 shows a relation between a ratio between a 
maximum radius R2 of the duct 10 featuring the wing- like 
shape in the side cross -section of the duct 10 and a 
minimum radius Rl, and an amount of generated power by the 
wind power generator. As is apparent from Fig. 3, in the 
case that the ratio falls within a range between 2.0 and 
4.3, particularly in the case that the ratio falls within 
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a range between 2.2 and 4.1 # the amount of generated power 
becomes large. Accordingly, it is possible to improve a 
power generating efficiency by the wind power generator 
provided with the duct 10 in which the ratio is M 2.5". 

Further, it is possible to inhibit a collision in 
the rear side of the duct 10 between an inside wind (the 
wind in the inner side of the duct 10) and an outside wind 
(the wind in the outer side of the duct 10), by the flap 
plate 12. Accordingly, it is possible to inhibit a 
drawback that the flow of the inside wind is disturbed by 
an irregular flow of the outside wind, and the pressure 
reduction region 50 generated from the rear portion of the 
duct 10 towards the rear side disappears, whereby the 
power generating efficiency is lowered. 

In this case. Fig. 4 shows a relation between a 
ratio between a width in a diametrical direction of the 
flap 12, which is a characterizing feature of the shape of 
the flap 12, and a radius in a rear end of the duct 10, 
and the amount of generated power by the wind power 
generator. As is apparent from Fig. 4, in the case that 
the ratio is within a range between 0.020 and 0.15, the 
amount of generated power becomes larger in comparison 
with the other cases. Accordingly, it is possible to 
improve a power generating efficiency by the wind power 
generator provided with the flap 12 in which the ratio is 
"0.10" . 

Further, the vane 32 of the impeller 30 is formed in 
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the shape obtained by cutting the approximate oval at a 
position within a range falling between 0.13 and 0.18 
times the entire length from the end in the long axial 
direction as shown in Fig. 2. Accordingly, it is possible 
to improve a power generating efficiency. 

In this case, Fig. 5 show a relation between a ratio 
of the vane 32 with respect to the long diameter of the 
approximate oval, and the amount of generated power by the 
wind power generator. As is apparent from Fig. 5, in the 
case that the ratio is within a range between 0.82 and 
0.87, the amount of generated power becomes larger in 
comparison with the other cases. Accordingly, it is 
possible to improve a power generating efficiency by the 
wind power generator provided with the vane 32 in which 
the ratio is "0.85". 

As mentioned above, in accordance with the wind 
power generator corresponding to the embodiment of the 
present invention, it is possible to comprehensively 
improve a power generating efficiency by adjusting the 
wing- like shape in the side cross -section of the duct 10 
(refer to Figs. 1 and 3), adjusting the layout of the 
pencil body 20, adjusting the width of the flap plate 12 
(refer to Figs. 1 and 4), and adjusting the shape of the 
vane 32 (refer to Figs. 2 and 5). 

In this case, in accordance with the other 
embodiment of the present invention, the wind power 
generator may be provided with a wind direction measuring 
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means for measuring a wind direction, and a duct slope 
control means for controlling such that an angle of slope 
of a duct axis with respect to the wind direction measured 
by the wind direction measuring means becomes equal to or 
less than 10 degree. 

In accordance with the other embodiment, it is 
possible to improve a power generating efficiency on the 
basis of the control of the angle of slope of the duct 
axis with respect to the wind direction. 



